Three Chinese bituminous coals collected from Shenfu, Heidaigou and Feicheng coal fields were respectively extracted with carbon-disulfide/N-methyl-2-pyrrolidinone (CS 2 /NMP) mixed solvent (volume ratio 1:1) at room temperature followed by distillation of CS 2 under ambient pressure and subsequent removal of most of NMP by distillation at 110 under reduced pressure to afford mixed solvent-extractable fractions (MSEFs) with small amount of NMP. Acetone-extractable fraction 1 (AEF1) was obtained by extracting each MSEF under ultrasonic irradiation at room temperature and subsequently using a Soxhlet extractor. Direct extraction of each bituminous coal affords acetone-soluble fraction 2 (AEF2). GC/MS analysis shows that m/z of base or secondary peak in mass spectra of a series of components from each AEF1 is 98, whereas such components were not detected in AEF2. Since m/z of base peak in mass spectrum of NMP itself is 99, the base or secondary peak at m/z 98 should result from loss of -H from NMP, i.e., NMP is strongly associated with some organic species (OSs) and thereby the components detected with base or secodary peak at m/z 98 in their mass spectra should be associated NMP-OS.
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N-methyl-2-pyrrolidinone, bituminous coals, association, GC/MS analysis Iino et al. [1, 2] found that carbon disulfide/N-methyl-2-pyrrolidinone (CS 2 /NMP) mixed solvent (volume ratio 1 1) is excellent for dissolving some bituminous coals. This finding has attracted great attention of coal researchers [3 6] . Investigation on thermal reaction of CS 2 with NMP reported by Zong et al. shows that there is a strong interaction between C=S bond in CS 2 and C=O bond in NMP and association of the associated species with organic matter in coals was presumed to be an important reason for enhancing coal solubility in the mixed solvent [7, 8] . The results from calculation based on quantum chemistry also verified the interaction between CS 2 and NMP [9, 10] . However, to our knowledge, there have been no reports on direct evidence for the strong interaction between organic matter in coals and associated CS 2 NMP or NMP alone.
We extracted three Chinese bituminous coals directly and CS 2 /NMP mixed solvent-extractable fractions (MSEFs) of the coals with acetone, respectively, and compared the differences in composition between the resulting acetone-extractable fractions (AEFs) by GC/MS analysis, finding that AEF1 (i.e. AEF resulting from each MSEF) contains a series of components with base or secondary peak at m/z 98 in their mass spectra, whereas there are no components in AEF2 (i.e. AEF di-rectly resulting from each coal sample). In this paper, origin of the fragmental ion (FI) in mass spectra obtained is discussed and the FI is pointed out to be an evidence for the strong association of NMP with some organic species in these bituminous coals. 
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Coal samples and reagents
The coals used were collected from Shenfu (Shaanxi), Heidaigou (Inner Mongolia) and Feicheng (Shandong) coal fields. They are denoted as SFC, HDGC and FCC, respectively. After being pulverized and ground to pass through a 200-mesh sieve (particle size <75 m), the coals were dried in vacuum at 80 for 24 h, and cooled to room temperature in vacuum. Before use, the coal samples were preserved in a desiccator. Table 1 lists data of their proximate and ultimate analyses. Solvents CS 2 , NMP and acetone used are analytical pure reagents.
Extraction of the coal samples and GC/MS analysis of the extraction solutions
A coal sample (5 g), NMP (250 mL) and CS 2 were sequentially added into a 1000-mL conical flask. After 2-h extraction under ultrasonic irradiation (UI), the mixture of extraction solution and residue in the flask was transferred into some tubes used for centrifugation and centrifugated at 10000 r/min for 10 min. The extraction solution in the tubes was filtrated through a polytetrafluoroethylene membrane filter (PMF) with a pore size of 0.8 m and the residue was extracted with the same amount of CS 2 /NMP mixed solvent as mentioned above. The above operation was repeated 12 times. All the filtrates were incorporated and distillated under ambient pressure to remove CS 2 followed by distillation at 110 under reduced pressure with a rotary evaporator to remove most of NMP. MSEF with small amount of NMP was obtained thereby. The CS 2 /NMP-insoluble residue was repeatedly subject to UI in acetone and the slurry was filtrated through the same type of PMF until no NMP can be detected from filtrate. The NMP-free residue was dried in vacuum at 80 for 24 h and cooled to room temperature in vacuum before weighing. The MSEF yield Y was calculated by dry-base weight W R,d of the dried NMP-free residue according to the following formula:
)/W daf , where W d and W daf denote dry-and organic-base weights of the coal sample, respectively.
The MSEF was extracted with 300 mL of acetone under UI for 2 h and the resulting slurry was separated to filter cake and filtrate by filtration through the same type of PMF. Then, the filter cake was transferred into a Soxhlet extractor and extracted with acetone for 10 d. The filtrate and extraction solution were incorporated as a solution consisting of acetone, acetone-extractable fraction 1 (AEF1) and small amount of NMP. Another solution, which contains acetone and acetone-extractable fraction 2 (AEF2), was also obtained by directly extracting each coal with acetone according to the similar procedure. The above solutions were analyzed with GC/MS. The residues from each MSEF and coal sample were dried in vacuum at 80 for 24 h and cooled to room temperature before weighing. The yields of AEF1 and AEF2 were calculated based on the residue weights.
Results and discussion
Comparison of the yields of MSEF, AEF1 and AEF2
As Figure 1 shows, the yields of MSEF, AEF1 and AEF2 decrease in the following orders: FCC (33.5%) > SFC (30.8%) > HDGC (20.4%), SFC (8.3%) > HDGC (5.2%) > FCC (4.1%) and HDGC (5.1%) > SFC (4.8%) > FCC (2.9%). As listed in Table 1 , the three coal samples have almost the same contents of C and H and the differences between their H/C atomic ratios are not significant, but the differences between the yields of the extracts from different coal samples are remarkable. Although the yield of MSEF is the highest, the yields of AEF1 and AEF2 are the lowest from FCC, which should be ascribed to the differences in composition and structure between the coals. The yield of AEF1 is higher than that of AEF2 from the same coal sample, probably because for direct extraction of a coal sample, a part of acetonesoluble components (ASCs) were wrapped into ace-
